Cimanuk River is one of the biggest rivers that pass through the Indramayu City, West Java, Indonesia. The river is categorized as an urban river and functioned as the main drainage system. Its water quality decreasing due to the urban runoff mixed with the wastewater discharged from the domestic and nondomestic activities. Modeling is one of the management efforts to overcome the water quality problem of the river. Deoxygenation rate becomes important to be obtained in order to have an accurate modeling result. This research was conducted to investigate the deoxygenation rate of the Cimanuk River based on the laboratory analysis and empirical formula calculation. Water samples were taken from 2 points in the Cimanuk River. DO measurement were conducted each day from the incubated samples for 10 days. Slope Method was then being used to determine the deoxygenation rate. The investigation results show that the range of deoxygenation rate of Cimanuk River is 0.06-0.12 per day. The BOD ultimate based on the Slope Method calculation ranges between 23.33 and 34.83 mg/L. Using the empirical equation, the deoxygenation rate was obtained between 0.422 and 0.462 per day. The low value of deoxygenation rate observed by laboratory analysis can be caused by the slow microorganism's activity in decomposing the organic matter due to the unfavorable environment in the water.
INTRODUCTION
Cimanuk is one of the six major rivers in West Java, flowing from the hilly area of Garut City, the Cikurai Mountain, passing through Sumedang and Majalengka areas and ended in the coastal area of Java Sea in the Indramayu City 1 . The rapid increase of city population has resulted in the long-term sustainability of environmental quality 2 . Similar to another urban river in Indonesia, the Cimanuk River received waste from domestic activities. Industrial activities, especially batik, Indonesian traditional pattern textile, production, located near the river will be able to degrade the river water quality by the increment of the accumulation of heavy metal of chromium and to disturb macrozoobenthic population in the river 3 . Various efforts can be implemented in order to improve the environmental conditions of Cimanuk River. One popular effort to manage and improve the river water quality is the usage of river water quality modeling 4 . Modeling in water quality was developed by Streeter and Phelps in 1925. The model indicates a balance between the increment rate of dissolved oxygen concentration as a result of reaeration process and the dissolved oxygen uptake rate from the decomposition of an organic waste, where the biochemical oxygen demand (BOD) deoxygenation rate was expressed as a first-order reaction, generating the curve of dissolved oxygen sag (DO) model 5 . Therefore, the Streeter-Phelps model is suitable to be used for the river that being contaminated by mainly domestic waste. The deoxygenation rate is one of the primary coefficients in BOD and DO modeling. Determination of specific deoxygenation rates in the study area is important for the accuracy of the modeling results. This coefficient of deoxygenation rate will also illustrate the characteristic of contaminated urban river water. In Indonesia, the river water quality modeling is rarely used in the frame of river improvement 6 . Usage of river water quality model is still not popular due to lack of data and information concerning the characteristic of the urban river water,
especially in the determination of coefficient values that are used in the model 4 . Generally, river water modeling uses the rate of deoxygenation carbon taken from literature or previous studies 7 . However, the usage of the literature-based coefficient may lead to invalid model. Therefore, the purpose of this research is to study the value of the coefficient of deoxygenation rate of Cimanuk River so that it can be used in modeling the quality of river water both in the process of estimating the quality of river water at present and prediction in the future. The rate constants in the river water quality modeling would give support on predicting the effect of untreated wastewater discharge to biota, the concentration of dissolved oxygen, and concentration of BOD 8 .
EXPERIMENTAL Sampling Locations
Water samples were taken from 2 points which are considered to be representative of river condition influenced by the Indramayu City activities. The first point which denotes the upstream point, is located the Cimanuk dam outlet at the coordinates of 6°20'14.45"S, 108°19'24.91" E, whereas the second point denotes downstream point is located close to Siliwangi Road at the coordinates of 6°19'35.33 "S 108°19'16.10 "E. Fig. 1 shows the sampling locations map. Water samplings were conducted 3 times at each point. Measurements conducted in the field are measurement of river discharge, temperature, pH and DO. River discharge was determined by several measurements, including river depth, width and flow velocity. 
Determination of Deoxygenation Rate
The determination of laboratory-based deoxygenation rate was carried out using the daily measurement of DO uptake. Water samples were taken to the laboratory with appropriate procedures and incubated at 20 deg C. The incubation processes use BOD bottles and was carried out for 10 days. DO concentrations were measured daily based on the Winkler modification method 9 . Based on the methods of the USGS (United State Geological Survey), aeration should be conducted when DO reaches a value below 2 mg/L
to obtain a significant uptake of oxygen concentration on the next day 10 . To give reliable results, a minimum of 6 days data are usually required 11 . Data acquired from this treatment was calculated using Thomas' method. Thomas' method is considered as the common method in the deoxygenation rate calculation 12 . Thomas method was introduced by Thomas in 1973. The method is also known as Slope method. It determines the deoxygenation rate based on the similarity of two functions, a graphical analysis using the following function 11 . The calculation gives a constant through least-squares treatment (least squares) to form the basis of the first order reaction equation. na + bΣy -
Empirical Method of Deoxygenation Rate Determination
Determining the deoxygenation rate using empirical formula was conducted by considering the river depth. The empirical equation was formulated based on experiments to observe a correlation between river depth and the deoxygenation rate. It is initiated by the natural phenomenon that the depth of a river affects the life of the microorganisms in it, where the deeper the depths of a river will give less oxygen content and less number of microorganisms that can live in these waters. The deoxygenation coefficient used for the calculation of organic water pollution model is used as formula according to Hydroscience (1971) 13 for normal flow. The deoxygenation rate was obtained from Hydroscience empirical equation which is using the physical condition of the river, its water depth.
(6) Where: Kd = deoxygenation rate (per day), H = water depth (ft).
RESULTS AND DISCUSSION

Onsite Measurement
Based on the observation result, the Cimanuk River discharge ranges between 1.45 to 1.86m 3 /s, while the river depth in the upstream is slightly deeper (1.11 m) than that in the downstream point (0.90 m). The shallow river will enhance the aerobic degradation process of organic matter. Therefore, shallow water depth should give a high rate of deoxygenation and aeration 14 . The onsite measurement gives data shown in Table- favorable for degradation process. Aquatic biota may live optimally in this range of pH. Indramayu City is located in the north coastal area of Java Island. It has a relatively high temperature of atmosphere that influences the warmth of Cimanuk River water. Figure-2 shows the graph of daily accumulation of DO loss of the upstream water samples. DO loss is the decrease of DO concentration due to uptake by microorganisms. The highest DO loss observed was approximately 17 mg/L, whereas the lowest was 13 mg/L. Considering high concentration of initial DO concentration, those accumulated DO loss in the upstream water sample appears low. During the initial phase of the BOD process, the substrate is assimilated by bacteria under aerobic conditions and a major portion of the substrate is converted to biomass 15 . The Thomas' Slope method gave deoxygenation rate value of the upstream Cimanuk River water ranged from 0.10 to 0.12 per day. different activities of microorganisms present in the use of oxygen in degrading different organic substances. The main process that reduces the dissolved oxygen concentration of water is the oxygen uptake by aquatic microorganisms in decomposing biodegradable organic matter 17 . Lower deoxygenation rates were also indicated in other urban rivers in Indonesia 4, 14 . Ultimate BOD Ultimate BOD is the concentration of oxygen needed to completely degrade organic matter. In the modeling of water quality, the biodegradable organic matter is taken into consideration by the biochemical oxygen demand (BOD) parameter, which is shown as the unit mass of oxygen uptake from a unit volume of water by microorganisms during a specified period of time 17 . In this research, the ultimate BOD value was obtained using laboratory analysis on each sample and calculated using the Slope method. Table-2 Usually, high BOD will stimulate higher deoxygenation rate, especially when DO concentration is sufficient. However, the observed deoxygenation of Cimanuk River gives a slow rate. This condition may be affected by an atoxic or chemical compound that inhibits the degradation process of microorganisms in the river.
Laboratory-based Deoxygenation Rate
Empirical Determination of Deoxygenation Rate
The deoxygenation rate can be more easily determined by using empirical equations proposed by Hydroscience 13 . Table-3 presents the result of deoxygenation rate based on the empirical equation. The deoxygenation rate range with the empirical formula is 0.422 to 0.462 per day. Compare to the laboratory-based constants, these empirical-based rates are relatively high for the surface water type. The rate of deoxygenation at the sampling site for the downstream point is greater than the rate of deoxygenation at the sampling site for the upstream point. It is possible because the depth of the sampling site for the downstream point is shallower than the depth at the sampling site for the upstream point, because the depth of the river affects the life of the microorganisms in it, where the deeper the depth of a river the less oxygen content and less the number of microorganisms present in the water is also less deoxygenation rate in a river.
CONCLUSION
The result of deoxygenation rate range observed from the laboratory analysis of Cimanuk River water is 0.06 to 0.12 per day and ultimate BOD value is 23.32 mg/L up to 34.83 mg/L. Using calculation with the empirical formula, resulting in deoxygenation rate of 0.422 to 0.462 per day. From the above results the deoxygenation rate range by using laboratory analysis is much lower than the value of the deoxygenation rate range using the empirical formula in the upstream point. The low rate of deoxygenation was also found in other urban rivers in Indonesia. The condition might be occurred by the unpleasant condition of water for microorganisms to live and decompose the organic matter. Ultimate BOD concentration range shows that the amount of organic matter contained in Cimanuk River water is relatively high, i.e. 23.32-34.83 mg/L. The concentration of BOD both in the upstream and downstream are higher than the stream standard. The condition occurred because the Cimanuk River flows through residential areas which mostly contain organic waste that will increase the use of oxygen by microorganisms to degrade the organic substances. The observed deoxygenation process of Cimanuk River water gives slower rate than that of typical surface water. This condition may be affected by an atoxic or chemical compound that inhibits the degradation process of microorganisms in the river.
